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This fourth monthly Progress Report is issued as part of the
requirements of NASA Contract No. NAS 8-11670, dated June
18, 1964, Design, Development, Fabrication and Pre-Flight
Certification Testing of Saturn V, S-1C Pressure Switch,

' This report describes the work accomplished during the

month of October 1964, ito meet the requirements of MSFC

. Drawing 20M32007, Switches, Absolute Pressure, Fuel and

LOX, Pressurization and Relief, It states thatiwork
accomplished during the period consisted of fabrication of
sixteen (16) sets of Bellevilles for the Theoretical Test
Program, evaluated and fabricated against previous standards
of physical and performance tolerances using those Bellevilles
for adjustment of formulas for theoretical calculations, It
also states that tests were run with Bellevilles in parallel
stack configurations to study the performance differences from
the individual Bellevilles of the same stacks,

- It states that in the area of sensor tests the burst test program

has been completed with the development of a new formula
which provides 5% prediction capability; that diaphragm tests
have been conducted to study the effect of platings on rate
behavior; that tests have been conducted to study the effect of
thickness changes on rates; and that tests have been conducted
to study the effect of test treatment on diaphragm performance,
In the area of the electrical element it states that design of a
switch blade test fixture for adaption to the Instron Tester has
been completed.

This report concludes with a brief statement concerning work
to be performed during the next report period, and pummarizes
the contents of this report with manpower and progress charts./
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GENERAL

This progress report is the fourth monthly progress report
issued under the requirements of NASA Contract No. NAS8-11670,
dated June 18, 1964, for the Design, Development, Fabrication
and Pre-Flight Certification Testing of Saturn V, S-1C Pressure
Switch to meet or exceed the requirements of Marshall Space
Flight Center Drawing No. 20M32007-13,

This report covers the month of October activities during Phase 1
of the program, Phase I covers the theoretical and empirical
analysis in detail, the design and fabrication of special test
equipment, and the conducting of research testing, At the
completion of Phase I, a final engineering report will cover the
development during that phase.

PRIOR WORK

Program work in the three areas of Spring Mechanism, Sensor and
Electrical Element got under way during the latter part of June.
During the months of July, August and September, theoretical
calculations, program plans, test fixtures, test components and
the major part of all testing on Spring Mechanisms was completed,
Testing on the Sensor progressed to approximately the mid-point,
and Electrical Element testing continued to be delayed pending the
testing and evaluation of the integral element on the Douglas S-IVB
Program in the area of behavior under vibration environments.

SPRING MECHANISM WORK PERFORMED DURING OCTOBER

PERIOD - J, Rastegar

During this period the areas of major concern were:
a. Final selection of Bdleville material
b. Fabrication of test bellevilles for theoretical calculations

c. Advanced formulas for theoretical calculations of single
Bellevilles

d. Advanced formulas for theoretical calculations of
Belleville parallel stacks.
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3.1 Final Selection of Belleville Materials

For the selection of material, tests on Bellevilles formed from
half-hardened Beryllium Copper {Brylco 25) have been completed.

It was believed fully-hardened Beryllium Copper washers could
be formed into Bellevilles having a final higher modulus of
elasticity with resulting lower hysteresis, Therefore, using the
same final heat treatment and forming procedures as with the
Bellevilles of half-hardened material, two sets of ten Bellevilles
were fabricated from fully-hardened material and tested (see
Figures 1 and 2, and Data Sheets #l and #2). Comparing the
resulting data with Figures 14 and 16 of MPR #3, it was concluded
that the hysteresis and rates were generally higher than exper-
ienced with the Bellevilles from half-hardened material. This
increase in the rates confirmed the belief that the modulus of
elasticity was higher using fully-hardened material.

Information presented by the Brush Beryllium Company on the
inherent properties of the half-hardened and fully-hardened thin
sheeat stock, revealed that the elongation of grain in the structure
of the material is higher with increased cold work hardening of
material during the manufacturing process, The modulus of
elasticity is also increased in this process, but the plus effects
of the modulus increase are more than offset by the degrading
effects of increased elongation of grain with the accompanying
gain in hysteresis. It was thus concluded that the half-hardened
Beryllium Copper (Brylco 25) will be the best material for this
project.

3.2 Fabrication of Test Bellevilles

)

During the last report period, four of the twenty {20) sets of test
Bellevilles (ten each per set) were fabricated for the test program,
and the remaining sixtewn (16) sets were fabricated and tested in
October.

The criteria for evaluation of the fabrication procedure is as
follows:

a, Hardness of 41+]1 Rw C

b. Angles within +5 minutes
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c. Flatness within %, 005 inches
d. Maximum change in ID or OD of . 002 inches
3.2.1 Hardness

For the thinnest (, 016'') and thickest (. 028'') Bellevilles, the
hardness shifted, but within each group of ten, the variations
did not exceed 1 Rw C. The hardness readings of the . 016
thickness decreased to approximately 39 Rw C and the hardness
readings of the . 028 thickness increased to approximately

42 Rw C, This condition was expected since the energy input to
the material in cold forming, relative to the mass, results in
different cold-working effects upon hardness., These effects are
less as the thickness increases. The Belleville thicknesses of
.028'" and , 016" are produced by grinding down . 032" washers.
Thus, the grain size is the same for each thickness, but the
grain-size-to-final-thickness ratio is not the same. This
overrides the initial effect of cold working with respect to
hardness,

The variation in the value of the hardness from 39:l Rw C to
42+] Rw C does not represent any problem based on the behavior
of the rate deflection curves obtained, so these Bellevilles are
still within useable range.

3,2.2 Angles

The angle behavior across fourteen (14) of the twenty (20) sets
was uniform since in each case the target angle was achieved.
The target angles used were not as initially determined (free
height h) in MPR #1, Table III, page 22. This change was made
to eliminate the need to acquire new dies which were not
required to meet the objective of the investigation.

It was observed that where angle deviations exceeded 6', the
R/FL ratio approached or exceeded the upper and lower limits
(15 and 35) of optimum snap action.
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3.2.3 Flatness

Throughout the twenty (20) sets, flatness was achieved within the
required %, 005 inches through the process set forth in MPR #3,

3.2.4 Cha_nges in Diameters

The maximum change in ID and OD for all twenty (20) sets was
well within the required + . 002 inches,

3.2.5 Performance Characteristics

The criteria of performance for Bellevilles which meet the physical
tolerances set forth in paragraph 3.2 is defined as follows:

a. Flat loads within +2,5%
b. Rates at flat load within +5%

c. Hysteresis not to exceed . 8 pounds at the flat load
position (for a value of 21 pounds) or . 4% of the flat
load value.

3.2.6 Flat Loads

Five of the twenty (20) sets of Bellevilles deviated beyond the

+2, 5% tolerance values (see Table I). Figure 3 shows an example

of a set of Bellevilles which exceed reasonable flat load deviation
limits and rate deviation limits, It is believed that the workmanship
of cold forming coupled with the heat treatment procedures cause these
deviations. The sets which exceeded the established limits will

be rerun and if the same results are obtained, an analysis will be
made to determine if the problem is due to prior theoretical

analysis,

3.2.7 Rates

Fourtean sets showed out of tolerance rate deviations; nine were
within +7, 5% and six were within the +5% tolerance. At this point
in the study it appears that rate at flat load cannot consistently be
held within the narrow +5% deviation allowance, but can be held
consistently for Bellevilles throughout the entire range to +7,5%
deviation.

e e i e




No.

Thick.
( .0002 In.)

.028
.022
.018.
020
.022
<024
.026
.028
.016
.018
.02C
.022
024
026
.(28
. 020
022
24
.022

L] 016

NASA MPR #4

Page 10.0
Angle QGZ§a§;zﬁ %D§¥1%§;gnLoad H%sg?r;?i?
7% 287 10.0 3.1 .35
6 41 14.3 3.7 33
5 47 34.0 €.0 .315
6 26 8.0 2.3 o4

7 15 14.5 4.0 o3

7T 3C 11.3 4.2 .27
7 58 12.0 3.8 ok

& 43 9.2 4.25 .37
5 Z2 43.0 8.5 24
5 55 23.0 7.8 313
6 41 10.0 4.2 0333
7 30 11.3 3.9 255
T 49 21.6 1.8 .26
& 34 4.4 2.0 375
5 39 2645 6.1 256
T 27 &3 3.7 285
&9 12.5 4.6 24
10 47 3.0 2.6 .3

& 42 12.0 £.5 275
T 7 11.0 4.9 3

Tamle I
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3.2,7 (Continued)

A problem also exists in accurately determining the rate at flat
load from scaling the load-deflection curves for precise angular
measurements within a narrow percentage, Since thereis no
angular measurement needed to determine the flat load value,
the scale factor does not affect this function., The five sets out
of tolerance will be investigated to determine the cause for the
rate and in relation to the flat load deviations.

3,2.8 stteresis .

The maximum hysteresis measured at the flat load position on a
vector at right angles to the actuation and the deactuation curves
was within the target 0, 4% of flat load value for each of the
twenty sets,

3.2,9 Summary of Fabrication of Test Bellevilles

Twenty sets of Bellevilles were fabricated from half-hardened
Beryllium Copper washers to satisfy the requirements defined in
Table III of MPR #1. The sets were fabricated in accordance with
the procedures developed and listed in MPR #3. These procedures
provide geometrical contml of the final Bellevilles within the
physical tolerances, and for the Bellevilles held within these
tolerances, it was shown that the performance would fall within the
performance tolerances of paragraph 3.2, 5,

However, during the fabrication of the twenty sets of test
Bellevilles across a wide variety of configurations, five sets
deviated in flat load values beyond the +2, 5% tolerance level and
exhibited a rate at flat load beyond %7, 5% level. A re-run of the

out of tolerance set will be made to determine whether the excessive
deviations resulted from poor quality control of fabrication
procedures or from theoretical calculations.

3.3 Advanced Formulas for Theoretical Calculation of Single
Bellevilles

The known considerations for the calculation of Bellevilles were
explored and defined in MPR #1, and a family of 57 Bellevilles was
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3.3 (Conttnued)

calculated and tabulated in Table III of the report. Twenty (20)
Bellevilles from Table IIl were selected as meeting the theoretical
considerations for a family of Bellevilles. It was then planned
that ten each of these twenty Bellevilles be fabricated to conduct

a test program to evaluate the accuracy of the theoretical
calculations.

3.3.1 Constants M, Cj and C2

Constants M, Cj and C2 are used in the load~deflection formula

and stress formulas of MPR #1. These constants are each

different functions of OD/ID and are factors in the main equations
for Belleville Springs. Based on calculations using analytical

and empirical data it was determined that those constants were
correct in computing Bellevilles of half-hardened Beryllium Copper.

3.3.2 Load Deflection Formula

The load-deflection formula of MPR #1, page 11.0, does describe
the curves obtained in the theoretical test program so far as the
shape of the curves and the relative values of the curves are
concerned. The curves of the theoretical test program, however,
were displaced from the ideal toward the -Y direction, resulting in
slightly lower values of load, indicating that the load-deflection
formula describ&kthe behavior of half-hardened Beryllium Copper
Bellevilles will require a re-analysis.

3.3.3 Stress Formula

Calculated maximum stress, (see Table II), using the stress formula
of MPR #1, page 12,0, did not rise above the maximum value of
220,000 psi. Therefore, this formula does describe the stress
behavior in half-hardened Beryllium Copper Bellevilles, for this
project. Since the maximum stress is dependent on the deflection
at the maximum stress value, the formula on Page 16,0, MPR #],
will meet the requirements of this project.

3.3.4 Differential Deflection

After obtaining the differential deflection value by use of the formula
of Page 13 of MPR #1, the test results indicated that this value was
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3.3. 4 !Continued)

consistently off by a factor of 0, 88 from the values of Table II,
This factor was determined from analysis of the load deflection
curves of one Belleville from each of the ten (10) sets chosen
from the total twenty (20) sets of Bellevilles fabricated for the
test program (see Figure 4), The adjusted equation for the
differential deflection is as follows:

23 £ SERE
where. K=0,2%

The constant k when introduced into the formula, predicted the
deflection for thicknesses of . 016 to . 028 inches and for angles
in the range of 5°30' to 11° or h value of . 032 inches to . 0647 inches.

3.3.5 Spring Rate at ¥lat Load

Using the method for calculating spring rate at flat load in
paragraph 6.4 of MPR #1, the test results for half-hardened
Beryllium Copper Bellevilles did not agree with the predicted rate.
Measurements and analysis of the rates in Figure 4 indicated that
the basic equation on page 16.0 of MPR #1, ~ R = K ue.s-‘éi h"“t_j
varied from the curves by a relationship of an additional h” factor
multiplied by a constant C, thus the formula now is as follows:

R -k [#3-4h%_[+Ch?

By factoring t3 and allowing C to be 1/100, the following equation
results:

R= ke [1-40)% 45 (3]

Experimenting with changes in C at 1/100, 1/200 and 1/300 showed
that with C equal to 1/100 the calculations were closest to the actual
results of the curves. The newly calculated and the actual rates
can be geen in Table II.
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3.3.6 Snap Action Ratio

The test results revealed that an h/t ratio of 1.4l to 2, 83 generally
defines a returnable snap action Belleville per paragraph 6. 6 of
MPR #l. However, this requirement must be qualified to obtain

a good snap action Belleville by requiring a rate/flat load ratio of
15 to 35, and a minimum load value in excess of approximately

4 to 10 pounds, depending upon the thickness from , 016 to . 028
inches. A minimum load in this order is required to provide
sufficient force for immediate and rapid return of the Belleville after
deactuation pressure is passed. Figure 5 shows 10 Bellevilles of
the '"dash'' configuration as an example of a Belleville with a poor
snap action., The h/t ratio is 1. 6 and the R/FL is four,

3.3.7 Stroke Requirements and Differential Deflection

Using the formula of paragraph 3. 3.4, the differantial deflection is
shown in Table II for each of ten Bellevilles selected for calculations,
The differential deflection requirements are defined in paragraph

6.7 of MPR #1.

3.3.8 Flat Load

The formula for flat load is shown in paragraph 6.4 of MPR #] as:

Fl=Kht3

It was found that for h plus t values greater than 0,063 inches that
calculated values were lower than actual values in the order of h
plus t minug . 063, For h plus t less than , 063 theoretical values
were found to be higher than actual values in the order of 0.063 -
(h plus t)., The corrected formula for half-hardened Bellevilles
of interest is:

Fl=Kt’ Ew.z (ht—o3) |

3.3.9 Performance Tolerances Related to Geometrical Tolerances

In MPR #3 the relationship between geometrical tolerances and
performance tolerances was demonstrated on fabrication runs in groups
of ten Bellevilles. The formulas from the test program can be used

to show the maximum mathematical deviations in performance in any
group of Bellevilles having maximum geometrical devidtions, '
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3. 3.9 (Continued)

For a fabrication run of Bellevilles with maximum angle deviations
of +5 minutes of angle and +,0002 inches thickness, and with angle
deviations at -5 minutes while thickness deviation is -, 0002, the
calculated deviation in flat load would be +4,14% of the middle flat
load value. The demonstrated flat load tolerance in MPR #3 was
+2, 5%,

Where the width of the face of the Belleville is . 333 inches, a 5
minute angle change results in . 0015 change in the sine of the
Belleville angle, Then , 0015 times , 333 inches results in . 0005
inches change in h.

% of error = Actual rate - reduced rate times 100
Actual Rate
= K2 h= K (£ =0003)% (h=2%5), 100
IKE>h

ibb S S .ooob’t 7_‘]&) ,.40&5:(

313 E:JA OO&L‘tQh “49005‘5‘3.])( 100
34
OLtrh+.05+3
+3)
LOLh + .05t
+h

In determining the percent of maximum mathematical error in a
fabrication run of Bellevilles, the theoretical values of h and t are
used in the above equation, Using h at , 0437 inches and t at , 020
inches as an example:

. 06(. 0437)+. 05(020)
. 02(. 0437)

3+1.14
4. 14

it

% of error in Flat Load
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3.3.9 (Continued)

The maximum mathematical percent of error‘in flat load, therefore,
would be +4,14% of the middle flat load value of the group. With

the same combination of maximum physical tolerances as were used
for flat load deviation calculations, the deviation in % of rate at

flat load for the same fabrication run would be +6, 21%. The
demonstrated rate deviations in MPR #3 was +5%,

9% of Error in Rate = Actual Rate - Reduced Rate x100

+3 (14 ] KA?I:SZZ [ ( oooﬂ 00
k2 [1-2)%]

The solution to this equatien is in the same form as for the flat
load equation.

3.3.10 Summary of Advanced Formulas for Single Bellevilles

The equation constants were found to apply for Bellevilles of
half-hardened Beryllium Copper. The load-deflection formulas
were modified for flat load, rate and differential deflection values.
The new formulas were then applied to ten sets of ten Bellevilles
each and the calculated values compared with test results. The
comparison indicated that the formulas predicted values within

the original accuracy. ‘

In the process of predicting the physical characteristics required
to obtain the desired snap action, it was determined that

additional limiting criteria was involved. For example, the

rate /flat load ratio within the range of 15 to 35 is a criteria for
effective snap action. Using the geometrical tolerances established
in MPR #3, calculations were made to predict the limiting
performance deviations allowable under a normal production run

of Bellevilles.

3.4 Advanced Formulas for Theoretical Calculations of
Belleville Parallel Stacks

From the entire scope of investigation of various physical
configurations of single Bellevilles, a selection of three Bellevilles
at three different angles and two thicknesses was made to study
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3.4 (Continued)

Belleville stack behavior, Each of the three stacks were comprised
of four Bellevilles of the same configuration per stack. Each
Belleville was identified with a serial number and a load-deflection
curve was obtained. The Bellevilles were then stacked in combin-
atlons of 1 & 271, 2 & 37 andl, 2, 3 & 4. Load-deflection curves
were obtained on each combination. See Figure 6 for an example,

3.4.1 Flat Loads

At the top of Table IIl is shewn the flat load data for the three stacks
of Bellevilles in each of their various combinatiens. Generally, the
behavior of flat loads in parallel stack configuration results in
direct addition of the individual Belleville flat loads with a small
percentage increase in the total value. Within this slight increase,
the behavior appears to be random and is not predictable for a
particular stack of Bellevilles.

3.4.2 Rates

In the middle of Table III the rate behavior is displayed. Generally
there was a decrease in rate with the addition of Bellevilles to the
stack below the sum of the total rates of the individual Bellevilles,
The dominant behavior was additive, but in some cases there was
up to 20% reduction of the test value from the calculated rate,

3.4,3 stteresls

The increase of hysteresis was not found to be additive, but appeared
to increase at some randomly variable percentage of the average of
the individual Bellevilles.

3.4.4 Deflection of Minimum, Maximum and Differential Points

Analysis of the effect on differential deflection with additions of
Bellevilles to a stack, revealed a small and gradually decreasing change
in differential deflection. The deflection to minimum and maximum
points also shifted slightly to larger values.

3.4.5 Load Value Changes

Analysis of the load change on the values at minimum and maximum
points revealed a decrease in the deadband or differential load.
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FLAT LOADS (Actuation Curve)
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Page

25,0

Bellevill FLFE% (F.L. #&% F.L. # & % Error
PjNi;lb:r | Flat Load # Error 1&2 Error 1,2,&3}| 1, 2, 3, &4 _ |
| s l#2 1 #3 | #4 J|Add [Act |Add | Act | Add | Act
17.6517.5 |17.6 17.35 35,15 %35.25 52.75 [53.2 | 70,10 70. 25
10302~4 +2. 85 +. 85% +.14%
L ) . IR N RN S % o]Q e e e
25.7|25.5 [25.95(25.7 /5.2 (51.2 | 77.15 |77.5 | 102.9 103, 9
10302-5 '.oo% 4, 45% +1. 02%
29.2529.6 |29.1 129.5 |58. 85 [58.75 87.95 |88.2 | 7.5 117.9
10302-17 |-.17% +.28% ¥, 349
. { S SO
RATE (Actuation Curve)
a1 7 Rate #/in. & [Rate #/in. & _ |[Rate #/ in. & % Error
Belleville ! Rate at Flat Load #/in.|% Exrror 1&2 |% Exror 1,2,3 | 1, 2, 3 &4
P/Number | 4 1y2 [43 [ #4 || add [Act | Add [ act | Add.. | Act . _
‘ 300 | 300 | 300 ;312 |} 600 |610 900 860 1212 950
,)302-4 4. 7% -4, 5% -21. 5%
i T - -
{ 1400 { 417 | 500 | 480 || 817 | 786 |1317 1220 | 1797 1540
110302-5 ! |
' { -3, 8% 7. 4% -14, 3%
750 | 775 , 800 | 800 /1525 ;1570 | 2325 | 2285 | 3125 2857
10302-17 % +3. 0% <1, ™% -8, 6% ;
HYSTERESIS
Bellevill Hysteresis # Measured as the Perpendicular Distance Between
ellevilie | _Act. and Deact, Curve
P/Number 8L #2 | #3 $4 L 1&2 1, 2 &3 1, 2, 3& 4 1
10302-4 s 1.7 L.orsis b L9 1.1 1.3 i
S et B B i
j
10302-5 .78 1 .75 | .74 .7 i 11 1.2 1.3
i
®
10302-17 1.3 {1.3 (1.3 { 1.3 | L5 1.9 2.1

TARLE III
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3.4.5 (continued)

This deadband decrease is due to an increase in the sum of the
minimum loads of each Belleville on the load deflection curve, and
the decrease in the summation of the maximum load for each
Belleville. The behavior of the flat load values followed a pattern
corresponding to the changes in the minimum and maximum loads
of the stack.

SENSOR WORK PERFORMED DURING OCTOBER PERIOD -

J. Rastejgar

4,1 Burst Tests

During the last report period burst testing was conducted on 46
non-heat treated 17-7 stainless steel diaphragms of thirteen (13)
different torus widths in various combinations of thicknesses and
platings. Test results of burst pressures were off by as much as
-20% of predicted pressures. The objective was to obtain a 1%
prediction capability. After re-examination of previous results,
it was considered through more precise control of the rate of
pressurization, better results might be obtained.

A test was run to determine the effect of rate of pressurization on
burst failure pressures. The result of the test indicated an
approximately 2% difference in burst pressure values between a
slow and rapid pressurization. This alone does not explain the
previously wide differences between predicted and actual values.
However, careful control of a relatively slow rate of pressurization
in the order of 200 psi per minute was established for the
remainder of the burst program.

4.1.1 Development of New Formulas for Burst Pressure of
Diaphragms

The Hoop Stress Formulas, S equals PD/2t, did not describe the
behavior of membrane diaphragms at their burst values.
Examination of last month's work revealed the need to consider
mathematically the action of various torus widths,
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4.1.1 (continued)

Derivation of a new burst pressure formula is shown in Figure 6.
Using this formula, the predicted pressures were re-calculated
using previous test values. The resulting values were within

plus 3.5% and -5% of actual values (See test Data Sheet #3). A
re-run was made on 12 selected diaphragms of . 375 torus width
which were run last month. The twelve were re-calculated using the
new formula to determine repeatability of actual values and
predictions. The results were similar.

4.1.2 Heat Treated 17-7 Stainless Steel Diaphragm Tests

Thirty-six diaphragms were cold formed at 80% of previous actual
burst pressures. They were then annealed and heat treated,
Difficulties were encountered in the heat treatment process. The
high annealing temperature for 17-7 is above the melting point of
gold and silver, resulting in damage to the gold or silver plating.
The diaphragms were stripped of plating, heat treated and

annealed at 1950°F for 2 minutes in Hydrogen environment to
prevent oxidation, Even with this precaution, oxidation did occur,
thus the diaphragms were tested without plating. The test results
indicated a significant reduction in thickness from oxidation effects.
This tended to offset the expected benefit of heat treatment in
higher values and more uniform Burst behavior (see Data Sheet #4).

4.1.3 Beryllium Copper Non-Heat Treated Diaphragm Tests

Twenty-seven (27) diaphragms of non-heat treated Beryllium Copper
in three torus widths, three platings and three thicknesses were
subjected to burst tests (see Data Sheet #5), Using the new burst
pressure formula, predictions were -2.4% to plus 1. 43% maximum
error from actual plain diaphragm burst values, except for the

. 003 thickness, The analysis of this diaphragm revealed that an
error in material selection was the cause of this discrepancy.

The prediction errors were also greater for the gold and silver-
plated diaphragms. The maximum error being in the order of -7.5%
of actual. It was concluded that the thickness of the plating
significantly affected this value. Upon the results of these tests,
forming pressures were determined, using 80% of burst values
rounded to the nearest 100 psi.
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4.1.4 Heat Treated Beryllium Copper Diaphragm Tests

Twenty~-seven cold-formed, heat-treated Beryllium Copper
diaphragms of three torus widths, three thicknesses and three
platings (see Data Sheet #6) were tested during the period.

It was predicted that heat treated specimens would have higher burst
values. Except for the . 004" gold plated and the .125 and . 375
torus width specimens, the prediction proved to be correct.

Generally, the plain-finished diaphragms followed predictable trends
on the increase in burst pressure more consistently than either the
gold or silver plated diaphragms. This phenomenon would be in

the heat treatment process itself where penetration of the plating
into the copper material results in uneven and unpredictable
degredation of what should have been the overall strength of the
diaphragms, The trend of heat treatment effects on burst pressures
is toward a doubling of the pressure value. This is caused by an
increase in the ultimate strength of the material,

4.1.5 Plating Effects on Burst Pressures

It was concluded that the plating will generally increase the burst
pressure of the diaphragm due to the greater thickness. Test results
did not indicate that this conclusion was valid in all cases. Prior to
plating, acid cleaning of the material may not be well controlled,
resulting in varying reduction in thickness of the materials prior

to plating. Another factor is in the uncertain control on the

thickness of plating. This is supported by the random nature
between gold and silver plating effects on burst pressures. Plating
effects on Beryllium Copper appeared greater than on the 17-7
Stainless Steel diaphragms, because of acid cleaning differences,

4.1.6 Heat Treatment Effects on Burst Pressures

The analysis of the heat treatment effects on burst pressures indicate
that heat treatment generally will increase the burst pressure. The
tests on 17-7 stainless steel were not entirely conclusive in this
respect because of oxidation effects overriding the heat treatment
effects, For the heat treated Beryllium Copper diaphragms the
increase in burst pressure was substantial.
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4.1.7 Summary of Burst Test Program

Using the Hoop Stress Formula, burst failure pressures were
calculated for diaphragms of three torus widths and three
thicknesses for two different stress values to develop a 1% burst
failure prediction capability. Thirty-six tests were performed
with fair results, Forty-six more diaphragms were then tested
with three different surface finishes; plain, silver and gold.
Calculated burst values differed for actual test results by as
much as 22%. A re-evaluation of the data indicated that a 1% -
prediction capablility could not be obtained with the Hoop Stress
Formula, therefore a formula was derived after analyzing the
behavior of the data and analyzing the forces involved.

Prediction of previous tests were re-calculated, using the new
formula., With this formula, predicted values were within

+5% of actual, New diaphragms were tested against the new
equation with about the same results. Rate of pressurization

tests showed almost a 2% difference in failure values between a
rapid and a slow pressurization rate, resulting in the establishment
of 200 psi per minute uniform rate of pressurization as the future
test rate.

Ninety more diaphragms were burst. These diaphragms represented
physical combinations of platings, thicknesses and torus widths,

in stainless steel heat treated, and in Beryllium Copper heat

treated and non-heat treated. All tests were conducted against the
prediction of the new burst pressure formula as the standard for
comparing differences in behavior with differences in physical
combinations,

If precise measurements were taken of each diaphragm, the new
burst pressure formula would appear to predict within 1% of actual.
It appears that a 1% prediction capability may not be realized, but
a capability of prediction within 5% is possible.

4.2 Diaphragm Rate Tests

Twenty-six (26) diaphragm rate tests were performed during the
period. They were divided into two groups, ane group of 12 to study
the effect of plating on rates, the other group of fourteen (14) to
study the effect of changes in thickness in different materials.
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4.2.1 Effect of Plating on Rate

Twelve (12) tests, using diaphragms of 17-7 stainless steel in four
(4) thicknesses and three (3) finishes with a constant torus width
of , 375 inches, were conducted to study the effect of plating on
the rate-pressure curves (see Data Sheet #7 and Figure 7 for

an example).

No correlation in data could be established between platings at

any of the four (4) different thicknesses. The rate changes

appeared to be random and all as the result of other factors, such as
pressure gage, Instron load cell, backlash cancellation errors in
the cross head, and error of the deflection indicator attached to

the Instron. Another source of error is found within the tolerances
of material thicknesses. All of these errors, operating together,
might add up to as much as plus and minus 7%.

4,2.2 Effect of Thickness Changes

Fourteen tests were conducted to study the effect of thickness
changes in different plain-finished materials while holding the torus
widths at . 250 inches, Four tests were performed on 17-7 stainless
steel non-heat treated diaphragms, four on heat treated 17-7, three
with non-heat treated Beryllium Copper, and three on heat treated
Beryllium Copper. Data Sheets under this section of the report
furnish information as such differential load at , 004 inches deflection
under different pressures with increments of 10 psi to 100 psi, It
furnishes rate under . 004 deflection with various pressure settings
as above, effective areas at zero deflection at different pressure
settings at the same increments as above, effective areas at , 004’
deflection for different increments of 10 psi, differential load at 010"’
deflection and rates at , 010 deﬂection, effective areas at . 010 7
deflection when the increments of 10 psi to 100 psi was applied.

4,2, 2.1 Non-Heat Treated 17=7 Stainless Steel

The rates varied with respect to thicknesses of . 001 0015,“ . 002 and

.003"in approximately a non-linear manner. At 10 psi and . 004"
deflection, the rates with thickness changes were 175, 250, 300 and
800 pounds per inch (see Data Sheet #8 and Figure 8 for an example).
The . 002'thick diaphragm demonstrated the smoothest and best
performance of the four,




-

®
-
B
|
!
!
|
|
i

FREBANK COMPANY

ENGINEERING LABORATORY . oF

TEST DATA %7

.,-,-,.i oF invesTication Rate and Force Relation  eamtno L O 301~ /

REQUESTED BY . _ Engineeriﬂg FLuo . Alr .  uniran: 10307 7 mzm
rrerarzo By R .M. W, ~ _meeunit . Test . . oae /O —22 & 5/
FOR REFORT NO. M.P.R.. #3‘& 4. - CUSTOMER & SPEC. NASA - =9 NO 8‘53-55'_ . I
pescrirTion o TesT .. 98ing the Instron to obtain the effective area at different ) L
- pressure settings and also different values of rate for various values of _
.pressure and deflection, = PI.AIN, e e
J e . ; T : . OOI ‘-‘-__A,A,___AW,‘;, i 57\5_‘ —
i‘» e e I" - ____..“; o ::_::. . H - - Y” - :‘_2~., = "{'_::-, - i-, PR e :‘
‘Const F. = F, A F. Rate Area Avea F, AF. Rate ﬂvea, . ‘
| ¢  at at  FEffec Effec at at  at Effec.
i Pres . LB. a ! 004 . 004 2 m'ooy ., 010 . 010 , 010 RT.OIO; » !
. L0048, e Def dnT ne ‘Def Def Def bef | |
 PoE L% | LB, LB/ im*  LB. |LB. LB/inin* L

L — z T o |
Y e 7 A N al b VA N V- WAV A R LY, ir' S
20 208 g5 7L aasT 3 1a9s 247120 2/ '/zas .
N Sy - T S G e 2 L VA 17 170 4253
0 5K |52 4] /2y ,#/ 55 1/}/0 325713 3¢v iz,
‘_50 67,2 Ja/s"L /,/ /20 1.3]0 3.2 Y0 400 1263,

il yof d4ot27z -

— .- - . . sp-

0 7T 47/*/%43// /&.3,
0 24792,/ 5 w) VAT SIS 249 H90 127
80 o7 S 58T T ST L35 )31 8 /y; 5”; 0 500 ).2¢0.
i 90 KQAJ//?A T\Z;z( FEL )3T //é,u; (90 o0 J27s. ; N
100 /3» ~/3/7M 7% /?fs 1317 /Ma; 6.5 (950 1270 |

| .
l ! ' f ;
; ;
[ f‘ “] t
( f \ ‘ !
T Lo E e - -
{ I ! :
[ i H [ .
; H ! !
i ! i
. T : : i [ H -
: , ’ ! 1 ! i
- —~ ‘ . — [ -~ - =
. 1 ! i
» ) | i : -~ . -
— . — - -} —d - i t =
i ; | : : :
; I . ! i
[ o % X‘ " T -t ' &
i ; | : _ i :
- b e = 4 .
f ) ] | : woA 3
‘, f , ; | ;
! o . S ! i
3 ' B 1 i - -
|
i f B It :
| | 1
- [r 4 i - —

SOPY TO

IR R e e e




RENERNEERRERRN T T T T TT
T ﬁ
L I Loty ; ; ! .
L P T } 4 _ :
i » Tk q H \
i
T
i W
- .
T N
wJC, % > _ 4
I
Yo % ~ |
' [
> 52
™ =
o 5
M3
|
' N . —
W ! | €] i
I~ N
. 20T :
J:,././i H T | P’ ,
v N / AT N ‘,
{ A V
: Il ST Y. ]
) i
e T T
1 LT INE
- ! !
T » 1
,. o /0 20 e Yo £ \W\: 7 pez. - ek
. PirE SSURE LB/ in
‘OO0 ¥NESSE N 1RAANEN
® @ T oI I [

P




' NAm;\

FREBANK COMPANY
R ENGINEERING LABORATORY )# g‘
TEST DATA
‘YYPL oF mvzénc;rnor« Rate and Force Relation part no /& } < / - / NHT
requesteo sy . Lngineering FLUID Air vnrs.n 10307 /
rrerarep ey . R. M, W, Cryveeunar . Lest : oare. /0T * q - L/
FOR REPORT NO _ M.P.R. #3 & 4 _ .iomenasre NASA - WO NO - 853-55 R s
DESCRIPTION OF TEST ,,Q,Sit.l:%. .f-h,e.~1nstr0n to obtain .the effective area at different . ) “ﬁ‘i

pressure settings and also different values of rate for various values of

pressure and deflection,

- T=,001l

Const F. F. ‘A F. Rate Area Arf¥

'Pres Lp, at at 3l FEffec Ef-r;ec‘.

.004 - 004 Do §n2 Uoi"

psig E%f' D”f LB/in inE

10 /2 oS J7 LT i S

| 20 2z a/gﬂ,/ﬁ’ 1,?'{*.,/” 1.o7s5

.30 33, 5"3.:154/0 257 s Joke

L 40 4K p '443."'* /3 3257 /0 Jo&7
.;50 {Za‘f?‘/ /6 f(ﬂv‘//« Lo¥7

| 60 5731657 /4 K 2 Logy

10 7R7 267,18 45T i Logt

80 878 779 /9 475l lieo
ol o 990 20157’0 /)2 1100
200 BE ($P2 T ]2

W= ., 230

F. AF. Rate AFed
at at at £ffeC
010 .010 Q1o AT.0l0
Def Def Def Def
LB, LB LB/m/n
7.6 7 d%o
./f?.?j,? 2 ‘,/3” /070

;afu7 270 l02g
32 %320 /:of/Q
fL:?{Bs’U/oSU
'531 #/ %o o5
,7‘“.#:%3/ #ST L
8“%(/ 5/ $77 /o>
57T 5746 55T fotl,
070|570 o0 Lofy

t



> P
-
>
L
o
ey 3
X ¥
-
o
3w
2.4
Yo

| T I
i 4 1 w 1
e
[ ! 1
” o
Lt ] i
I
Ya
£ =11
[
‘a3 %
st |
[] — T _F
b
i o
N
3
g X
Nl
/] RN 1
h o { Nva !
ot V= L fl J I, N
N ~ 4 ‘ ™
X 1 4 DI b’ ) ke
.1/ . m — —4
- 1A B P o 1 J - N I
- d
AN WL
= J
Vo
{ 1y /
Yy =
'\J ¥
t
|
L ]
L ]
o ae 20 2¢ ¥C v & 70 £ e /00y

PRESS

<

- z
URE LBSiN
‘OO UIANSE ¥ “IRAANIN
SAMONI Ol X L

. v's°A M) 30V X
€040 O HONIIHLOLOL X ot

e




ENG R, FORMNO_ 10

i REVISION DATE FREBANK (OMPANY

GLENDALE. CALIFORNIA NASA MPR #4

PAGE

40.0

4,.2.2.2 Heat Treated 17-7 Stainless Steel

The same series of tests was run on heat treated 17-7 Stainless
Steel diaphragms (see Data Sheet #9 and Figure 9 for an example).
Behavior was similar to the non-heat treated diaphragms and the
rates were generally lower, At 10 psi and . 004 deflection, the
rates with thickness changes were 125, 200, 325 and 738. The
smoothest and best performance of the four was the . 001 'thickness.

4,2.2.3 Non-Heat Treated Beryllium Copper

The same series of tests was run on non-heat treated Beryllium
Copper diaphragms except that the thicknesses were . 002, ,003

and . 004 inches (see Data Sheet #10 and Figure 10 as an example),
At 10 psi and , 004 deflection, the rates with thickness changes were
250, 450 and 938, The , 003 thickness showed the best performance.

4,2,2,4 Heat Treated Beryllium Copper

The same series as non-heat treated Beryllium Copper diaphragms was
run with heat treated material {see Data Sheet #11 and Figure 1l as

an example). At 10 psi and. 004"def1ection, the rates with thickness
changes were 350, NA, and 875, All three thicknesses show

relatively good and even performance.

4.2.3 Conclusions Concerning Rate Changes with Thickness Changes

Regardless of the rnaterial of the diaphragms, rates were seen to
increase as the thickness of the diaphragms was increased. The
increase was not, however, a linear function with respect to
thickness changes. Within the general increase, values were
somewhat random because of the varying inaccuracies of the
instruments and test setups. The remainder of the data from these
tests is maintained in the Engineering file.

4,2.4 The Effect of Heat Treatment on Ratés

Analyzing the tests of paragraph 4.2.2 above to determine the effect
of heat treatment after cold forming on rate behavior, it was
concluded that Beryllium Copper heat treated after cold forming
resulted in the best overall performance of the four conditions of
materials tested. This was true for all thicknesses of heat trcated
Beryllium Copper. 17-7 Stainless Steel heat treated showed the
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4.2,4 (continued)

worst performance of the four. The performance of the four can
be ranked in this order:

1. Heat Treated Beryllium Copper

2. Non-Heat Treated 17-7 Stainless Steel
3. Non-Heat Treated Beryllium Copper
4. Heat Treated 17-7 Stainless Steel

ELECTRICAL ELEMENT WORK PERFORMED DURING OCTOBER

PERIOD - K. Jones

Work for the October period was concerned principally with the
design of a test fixture adapting the Instron Tester to measurements
of the variables of interest in the switch blade. This test fixture is
to be used in developing empirical data on the existing switch blade
design, Frebank part 10235, and on the revised configuration

TE 705-1 developed in connection with the theoretical analysis
presented last month, The purpose of this empirical investigation
is to relate the actual performance figures to the calculated values
and thus finalize the analytical method for use in future design work.

5.1 Achievement

During this period, the test sample parts were completed per

TE 705 and readied for assembly into an experimental test element,
but vibration problems in the existing SIV-B Douglas production
program using the 10235 blade indicated the need for more
theoretical design analysis prior to further testing, Therefore,
continuing the design of the test fixture did not appear practical
until this analysis had been completed,

5.2 Discussion
The initial intention to preserve the original concept of the switch

element configuration, refining and adapting it to the present
requirements thru an improved understanding of the variables
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5.2 (continued)

involved, is disturbed at this time by knowledge of a vibration
problem which has arisen in the Douglas SIV-B program and is
described in general terms below. .

The complete answer to the problem is not known at this time,
nor is the extent of the involvement of the electrical element
understood. Nevertheless, certain revisions in concept appear
to have intrinsic merit and are being considered in advance for
application in the present program.

The general nature of the vibration problemis described in terms

of the reduction of switching deadband or differential between
actuating and deactuating pressures. The equilibrium state that exists
just prior to actuation or deactuation is upset by g-forces and

results in cycling. This situation reduces the deadband, and in

units with narrow deadband the g-force can eliminate it entirely,
producing an indeterminate state in which the switch may select

either position or oscillate between positions with the vibration
frequency.

Obvious solutions consist of setting wider deadbands or, when this
is not acceptable, reducing or eliminating the effect of g-forces along
the line of action of the entire switch. The switch element can
cooperate in the latter approach in two principal ways; reducing its
actuating force requirements and thus its positive rate contribution
to the negative-rate system of the switch dominated by the contri-
bution of the Belleville Spring stack, and reducing or eliminating
its sensitivity to vibration. In the current design, much of this
sensitivity arises from the cantilever contact arm carrying a silver
contact near its free end. There is considerable contact bounce
during transfer, even without vibration, and this adds to the
confusion during vibration testing, whether it is fundamentally
cbjectionable or not,

In spite of the fact that when tested separately, the present switch
element appears to be atable under specific vibration flelds, it
cannot be concluded that it is not contributing to the problem. The
experimental switch blade, TE 705«]1, designed for the initial test
program, attacks the obvious problems in a quantitative way
without changing the overall concept. It is expected to give an
SIV-B type switch element with about 50% of the input force require-~
ments and about twice as stiff a cantiliver contact arm. An element
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5.2 (continued)

of improved concept might utilize the end-loaded beam as a motion
amplifier enly, using a single blade instead of two and using its
mechanical output to actuate a separate double-pole switch
mechanism in which the moving parts are mass balanced for
resistance to linear vibrations in all directions.

6.0 WORK TO BE PERFORMED DURING NEXT REPORT PERIOD

6.1 Spring Mechanism

Five sets of Bellevilles will be fabricated to re-run the tests of
the sets which were found to be out of tolerance on rate, and flat
load deviations to determine whether faulty fabrication might
have been the cause. Pressure requirements will be defined for
cold forming and flattening procedures to secure various angles
with various dies within a defined repeatability tolerance. Two
new dies will be designed and fabricated to provide a wider
selection of cold forming angles. If cold test facilities become
available during this period to secure load-deflection curves at
low temperature, such testing will be accomplished on single
Bellevilles.

6.2 Sensor .

Tests will be conducted to study the effects of torus width changes
upon rates. Final selection of material for diaphragms will be made
also. Effective area changes with respect to pressure and deflection
changes will be studied. If cold temperature facilities are ready,
torque requirements throughout the temperature range will be
determined and rate changes with respect to temperature changes
will be studied, Tests will also be performed on movement of
sub-planer, co-planer and super-planer diaphragms through their
formed positions. Development of theorstical prediction capabil-
ities will be started during the period. -

6.3 Electrical Element

For the November work period, the initial or primary effort will be
reduction of the improved concept idea developed during this period
to a specific design approach and, if possible, adaption of the test
fixture design to elements of the new concept as well as the original
one.

e e e i et e < e+ a5
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7.0

SUMMARY

During the October report period, the program continued largely in
two of the three major areas of effort.

In the area of the Spring Mechanism, a final selection of material
was made, half-hardened Beryllium Copper (Bryco 25), since it
demonstrated less hysteresis than the fully-hardened material,
Fabrication was completed on the remaining sixteen (16) sets of
test Bellevilles bringing the total number of sets to twenty (20) for
the theoretical test program. The twenty (20) sets were physically
measured and tested on the INSTRON. Owing to excessive rate
and flat load deviations on some, it was decided to re-run five of
the sets during the next report period to determine whether the
deviations were inherent in the physical relationships of each
Belleville, or whether the deviations had been caused by improper
application of fabrication procedures. The load-deflection values
of one each of the twenty {20) sets were compared against the
initial theoretical calculations. It was found that flat load, rate
and differential deflection values would have to be adjusted by some
coefficients or factors. These were calculated and re-applied

to the previous tests with good results. Snap action ratios were
also evaluated, Tests were performed on selected stack configura-
tions to study effect of rate, flat load and differential deflection
additions or movements as the number of Bellevilles in each stack
was varied, Further analysis is required before final definition of
stack behavior can be made,

In the area of the sensor, burst testing was completed with the
development of a new burst pressure formula for membrane
diaphragms which gives an approximately 5% prediction capability
within the allowable physical tolerances of the diaphragms.
Precise diaphragm physical measurements inserted into the
formula would produce a prediction error within 1% of actual.
Plating effects on rate, heat treatment effects on rate, and
thickness effects on rate tests were also performed during the
period. Preliminary evaluation of the rate test results has been
made. Work in the area of the electrical element was concerned
primarily with the design of a test fixture to secure switch blade
measurements on the INSTRON Tester.

An updated Manpower Expenditure Chart and an updated R&D Program
Progress bar-chart are included at the end of this report.
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